INTRODUCTION
Tidal mixing in the Weddell Sea is believed to influence Antarctic Bottom Water (AABW) and Ice Shelf Water (ISW) formation and tidal dynamics are believed to influence tidal mixing and the general circulation. For our purposes, tidal mixing refers not only to mixing due to shear instabilities from internal tides, but also any increased benthic mixing due to tidal velocities, either barotropic or baroclinic. Likewise, tidal dynamics includes the barotropic velocities, internal tides, the benthic boundary layer due to tidal flows, the surface boundary layer under the ice shelf, residual tides, and any other tidally driven features.
The motivation for interest in the internal tides, baroclinicity, and tidal mixing was fully discussed in a companion paper [Robertson, this issue] (hereafter referred to as Part I). The Princeton Ocean Model (POM) was used to investigate internal tides and tidal mixing in the southern Weddell Sea. Part I of this investigation described the numerical model and showed that the model results agreed well with the existing observations. However, tidal dynamics, particularly the generation and propagation of internal tides, are highly dependent on several factors, including topography, stratification, and proximity to the critical latitude, ψ crit , which is the latitude where the inertial frequency equals the tidal frequency. According to linear internal wave theory, ψ crit affects internal tides by limiting the regions of generation and propagation. Internal tides will neither be generated nor will they propagate poleward of ψ crit . Stratification will also affect internal tidal generation and propagation. Fewer and weaker internal tides will be generated with weaker stratification. And weak stratification is associated with slower group velocities and steeper internal wave ray characteristics. (For a more in depth explanation of linear internal wave theory, see Part I: Section 3.) In addition, Furevik and Foldvik [1996] noted that ψ crit also affects the benthic boundary layer with the benthic boundary layer thickness increasing near ψ crit .
In order to investigate the dependence of the tidal dynamics on these factors, a sensitivity study was undertaken. The effects of ψ crit on the tidal dynamics are described in section 2. The sensitivity of the internal tidal fields to stratification and topography are investigated in sections 3 and 4, respectively. Implications of the model results are given in section 5. A summary is provided in section 6.
CRITICAL LATITUDE EFFECTS

Transect A Without the Critical Latitude
To evaluate the effects of ψ crit , two scenarios were used: one without and one with ψ crit (Transect A in Figure 1 ). For the case without ψ crit , the latitude of the domain was altered 10 o to the north so that ψ crit did not fall within the domain. The M 2 tidal elevations, η, from this simulation had an amplitude ranging from 0.44 m at the deep water end to 0.50 m at the ice shelf end (solid line in Figure 2a ), and a phase of approximately 292 o which was relatively constant over the transect (not shown). The major axes for the depth-independent velocities for the M 2 constituent (solid line in Figure 2b ) are strongly influenced by the topography (gray line in Figure 2b ) increasing dramatically over the outer continental shelf and under the ice shelf.
As predicted by linear theory (Part I: Figure 5a ), essentially no internal tides were generated in these conditions. An extremely slight internal tide occurs near the surface over the continental slope and is evident both in the cross-slope velocity profiles at a time near the peak onshore depth-independent tidal flow (t = 45.667 days) (t is the time since the start of the simulation.) ( Figure 3a ) and in the major axes of the tidal ellipses ( Figure   4a ) by the divergence and convergence of the profiles and the alternating areas of low and high major axes, respectively. Since the internal tidal response was essentially negligible, the depth dependence of the cross-slope velocity consisted primarily of ice shelf and benthic boundary layers. The benthic boundary layer is apparent in the profiles of the cross-slope depth-dependent velocities over the upper continental slope ( Figure   3a ). The boundary layer is thin, ~ 50 m, and the POM generated K M was in the range of 10 -3 to 10 -6 m 2 s -1 .
Transect A With the Critical Latitude
To investigate the effect of ψ crit , simulations were run with transect A in its original location ( Figure 1 ). The amplitudes of the elevation for simulations with M 2 forcing without ψ crit passing through the domain (solid line in Figure 2a ) increase over the continental shelf and slope, whereas those with ψ crit (dashed line in Figure 2a ) are constant over nearly the entire transect. This difference between the elevation amplitudes for the two simulations reaches 5 cm at the front of the ice shelf. This difference in behavior for the simulations with and without ψ crit in the domain (solid and dashed lines in Figure 2a , respectively) is a result of the blockage of a portion of a north-south propagating Poincaré forcing wave. Theoretically, Poincaré waves cannot propagate past ψ crit . Therefore, in the case with ψ crit in the domain, any north-south portion of the forcing wave is blocked and does not propagate onto the continental shelf. And the amplitude would remain constant (dashed line in Figure 2a ). When ψ crit is absent, the elevation amplitude would increase over the continental shelf reflecting the propagation of the wave into shallower water (solid line in Figure 2a ). It should be noted that due to the long wavelength, not all of the wave energy will be blocked.
The major axes of the depth-independent velocities are slightly smaller over the continental shelf than those of the simulation without ψ crit . There is apparently more kinetic and potential energy in the "barotropic mode" of the model simulation when ψ crit is absent, particularly over the continental shelf poleward of ψ crit .
There is more energy in the "baroclinic mode" of the model simulation when ψ crit is present. This increase in baroclinic energy is apparent both in the profiles of the crossslope depth-dependent velocity ( Figure 3 ) at a time near the peak onshore flow and in the major axes of the tidal ellipses for the depth-dependent velocities (Figure 4 ). The profiles of the cross-slope velocities show much more vertical variation over the upper continental slope with ψ crit in the domain (Figure 3b ) than without ( Figure 3a) . The highest variation occurs in the shelf break front. In this scenario, much of the critical γ region, where internal tides are predicted by linear internal wave theory, coincides with the location of the shelf break front. This complicates matters. Although the effects of the stratification, specifically the shelf break front, and ψ crit are somewhat intertwined, an effort will be made to separate the effects and to focus on ψ crit effects in this section and stratification effects in Section 3. There is some convergence and divergence of the cross-slope velocity profiles near the surface (Figure 3b ) for equatorward propagation of internal tides. Although, the profiles are just a snapshot in time and cannot verify that these motions are internal tides, similar observations made in the major axes for the tidal ellipses confirm their oscillatory nature. However, any phase information such as the phase shift in the vertical direction apparent in the snapshot (Figure 3b ) is lost with the major axes of the tidal ellipses. Still, the major axes show more vertical variation with ψ crit in the domain (Figure 4b ) than without (Figure 4a ) with the highest vertical variation equatorward of ψ crit in the region of the shelf break front
Critical Latitude Effects in a Homogeneous Ocean
Comparing simulations for transect A with a homogeneous ocean (defined as a constant θ and S over the entire domain) and with or without ψ crit in the domain showed there to be more "baroclinic mode" kinetic energy with ψ crit in the domain and more "barotropic mode" potential and kinetic energy without, similar to the results for the corresponding stratified cases. The "barotropic mode" results are identical to those shown in Figure 2 for the respective stratified simulations. Since internal waves do not exist in a homogeneous ocean, the "baroclinic mode" energy difference lies in the boundary layer, which over the outer continental shelf and slope is the benthic boundary layer since there is no ice shelf in this region. Profiles of the cross-slope velocity at a time near the peak onshore flow (t = 45.708 days) show that the benthic boundary layer extends all the way to the surface when ψ crit is in the domain (solid line in Figure 5 ), whereas the benthic boundary layer is less than 100 m thick when ψ crit is not in the domain (dashed line in Figure 5 ). As discussed in Part I: Section 3.3, ψ crit effectively increases the benthic boundary layer thickness.
The benthic boundary layer thickness for the simulation without ψ crit is thicker than 
Effect of the Location of the Critical Latitude
To investigate the effect of the location of ψ crit on the vertical structure of the horizontal velocities, the latitude for the domain was altered so the location of ψ crit varied from the mid-continental shelf to the lower continental slope (Figure 6 ). Since the real topography is somewhat complicated, an idealized version of the topography, which approximated the slope steepness of the real transect, was used. This idealized topography was determined using Saint Guily's model [1976] with Middleton et al.'s [1987] parameterization. This parameterization specifies the offshore distance, y, and depth, h, in terms of an independent parameter, q, according to
where a is the slope scale width, λ a steepness parameter, h o a depth scaling factor, and y off and h off are offsets used to match the general topographic profile for the distance and depth, respectively. The values for these parameters for the idealized slope, were a = 98.9 km, h o = -75 m, λ = 0.827, y off = 520 km, and h off = 2198 m.
When ψ crit was located in the middle of the continental shelf, internal tides were generated at the continental shelf/slope break and propagate both poleward and equatorward in the surface layer, as seen in major axes of the tidal ellipses ( Figure 6a ).
The strongest vertical variation in the major axes appears at the continental shelf break in the region of the shelf break front (y = 500-580 km). When ψ crit was located over the continental shelf/slope break, internal tide generation was more intense deeper in the water column (Figure 6b ) than when ψ crit was located on the continental shelf ( Figure 6a ).
Again the most vertical variation in the major axes occurred at the continental shelf break in the region of the shelf break front. For both of these simulations the peaks in the major axes are aligned with the internal wave characteristics (Part I: Figure 6a ). The propagation of the internal tide was primarily in the equatorward direction ( Figure 6b) when ψ crit was located on the continental shelf/slope break, whereas when ψ crit was located on the shelf there also appears to be propagation poleward (Figure 6a ). When ψ crit was located over the middle or lower continental slope, internal tide generation and the vertical variation in the horizontal velocities was reduced (Figures 6c and 6d ). Some vertical structure in the major axes does appear in the region of the front (y = 500-580 km), with less vertical structure when ψ crit is located further down the continental slope (Figures 6c and 6d) . The most striking feature is the development of a near bottom jet, which oscillates at the tidal frequency. This near-bottom jet is a set of inertial oscillations. For both of these simulations ψ crit is equatorward of the continental shelf/slope break; therefore, linear theory says that internal tides do not exist in the region of the vertical variation of the major axes. It is possible that this signal is either leakage of internal tides due to their long wavelengths (~80 km) or internal tides advected into this area; however, it is more likely that the near-bottom oscillating jet is an inertial oscillation. This inertial oscillation develops due to interactions of the barotropic tide with the topography and the shelf break front in the vicinity of ψ crit . Since the area is near ψ crit , the forcing of the barotropic tide can easily induce inertial oscillations through resonance and advection and diffusion spread these inertial oscillations through the water column. As the distance from ψ crit increases, the resonance between the tide and the inertial frequency diminishes and also this effect. There is also change in the benthic boundary layer, which increases both in the vicinity of ψ crit and over the upper continental shelf, where the depth-independent horizontal velocities increase.
Thus the internal tide generation is linked to the location of ψ crit , with internal tides being generated when the continental slope/shelf break is poleward of ψ crit and more generation occurring when ψ crit is located at the outer continental shelf or at the continental shelf/slope break. When ψ crit is located at the continental slope equatorward of ψ crit , there is a strong benthic response.
STRATIFICATION EFFECTS
Effect of a Shelf Break Front
A front has the capability to reflect or absorb wave energy, thereby dissipating internal wave energy [Baines, 1986] . Since shelf break fronts are typical in the Weddell and Ross Seas [Gordon, 1998 ], the standard stratification included an idealized shelf break front from y = 500-580 km (Part 1: Figure 1 ) where the changes in θ and S compensate for each other and there is essentially no horizontal potential density gradient. However, this compensation is not perfect and a slight horizontal density gradient (<8x10 -7 kg m -4 ) exists below 300 m between 530 and 580 km. This horizontal density gradient is weaker than those (typically 1-2 x10 -6 kg m -4 ) of shelf break fronts observed in this region during Ice Station Weddell [Huber et al., 1994 ]. The stratification is described in full in Part I: Section 2.2.
To investigate the effect of the shelf break front, a simulation was also performed using the deep water stratification over the entire domain. Although there was essentially no change in the depth-independent velocities (not shown), the vertical variation in the depth-dependent horizontal velocities was drastically reduced with the absence of a shelf was present, the baroclinic pressure gradient term was significantly larger, fluctuated at the tidal frequency, and had a pronounced mean in the lower half of the water column (below σ = 33) (solid lines in Figure 9 ); whereas when the shelf break front was absent, the baroclinic pressure gradient front was much smaller with a much smaller mean (dashed lines in Figure 9 ). Both this mean and the amplitude of the fluctuation decreased with distance from the bottom (solid lines in Figure 9 ). Within the shelf break front, this mean was negative (solid lines in Figure 9e -h); however, over the continental shelf outside the front, it was positive (not shown). The negative mean preferentially induced generation of on-slope propagating internal waves. These waves will be turned by ψ crit and then propagate off-slope. Evidently, even the slight horizontal density gradient, which exists below 300 m with the presence of this shelf break front, increases the baroclinic pressure gradient term and induces significantly more internal tide generation.
This does not mean that internal tides will not be generated in POM simulations without a front in the domain. Simulations without a front but with stronger stratification (peak N ≥ 3 cph) show generation of internal tides (not shown) using this modified version of POM, as do other investigators using the original version of POM working in regions with Holloway, 1996] . However, generation of internal tides is greatly enhanced in the weak stratification typical of this region by the a horizontal pressure gradient associated with a front.
Additionally, the K M for the simulations shows an increase of 1-2 orders of magnitude with the absence of a shelf break front compared to the standard stratification along the upper continental slope indicating increased dissipation (Figure 10a ). With the stratification of the shelf break front, a stronger vertical density gradient exists near the bottom than without it and this stronger vertical density gradient increases K M through its dependence on N in the Mellor-Yamada 2.5 level turbulence closure scheme. Another difference due to the stratification is the propagation of any internal waves, which were generated. The internal wave ray characteristics when the shelf break front is absent (Figure 10b ) indicate that the internal tide will not propagate as high in the water column and will stay nearer to the bottom than they do with a shelf break front (Part 1: Figure   6a ). Consequently any generated internal waves propagate near or along the bottom increasing the near bottom velocity and shear. This focuses any modulation to occur in or near the benthic boundary layer. The increase in shear will cause a further increase in K M and dissipation. The net result is a more uniform velocity profile in the vertical direction and a more pronounced benthic boundary layer.
When the shelf break front is present, not only is there increased generation of internal tides, but the internal tide propagates higher in water column and is reflected by ψ crit . This dramatically increases the mid-water column shear in the region of the shelf break front (Figure 8b ). Additionally some of the reflected internal tide propagates offshore as seen by the convergence and divergence of the profiles near the surface in Figure 8b .
Effect of the Location of a Front
To further investigate the effect of a front, a series of simulations were made using the idealized topography described in section 2.4, but with the front at different locations.
These locations included on the continental shelf, at the continental shelf/slope break, in the middle of the continental slope, and at the bottom of the continental slope. Although simulations with the front on the shelf or over the lower continental slope may seem unrealistic, they are outer bounds on conditions, which may exist. Continental shelf waves are capable of moving a shelf break front back and forth across the continental shelf/slope break. As one example, a front, in the form of Modified Warm Deep Water (MWDW), has been observed 100 km onto the continental shelf [Foster and Carmack, 1976] .
The shelf break position comparison will be made using the cross-slope baroclinic velocities at a time near the peak offshore flow (t = 45.814 days) (Figure 11 ), since they illustrate the shear in the water column, which is somewhat lost in the major axes of the tidal ellipses. Spectral analysis shows that most of the energy occurs at the M 2 tidal frequency, with the exception of dissipation in the boundary layers. The exception to this is of course the benthic boundary layer, where dissipation increases energy at other frequencies. Since most of the energy is at the tidal frequency, the baroclinic velocity (defined as the difference between the depth-dependent and depth-independent velocities)
indicates the vertical variation and shear associated with the M 2 internal tide along with inertial oscillations at that frequency. For clarity on the front location, contours of the density at 0.2 kg m -3 intervals have been overlaid on the cross-slope baroclinic velocities.
When the front is located in the middle of the continental shelf, there is very little vertical variation in the cross-slope baroclinic velocity even within the front (Figure 11a ).
The response is very similar to that of the simulation without a shelf break front.
However, both a thick boundary layer ( Figure 11a ) and a high K M exist over the outer continental shelf ( Figure 12a ). As discussed earlier, there is no horizontal potential density gradient and with this weak stratification without a horizontal potential density gradient, there is essentially no internal tide generation. The lower stratification near the bottom increases K M and the dissipation, resulting in a thicker benthic boundary layer ( Figure 11a ). The shelf break front in this case is located too far onto the continental shelf to have much effect.
When the front is located at the continental shelf/slope break, strong vertical shears can be seen in the cross-slope baroclinic velocity particularly within the front ( Figure   11b ). The highest velocities occur just below the permanent pycnocline in the region of the horizontal potential density gradient. The amplitude diminishes further into the deep basin. The internal tide energy follows the internal wave ray characteristics, which happen to be parallel to the deeper isopycnals in the front in this case. The deeper isopycnals over the upper continental slope for this scenario are nearly parallel to the bottom due to the averaging used to determine the hydrography. As discussed earlier, the internal wave ray characteristics are also nearly parallel to the bottom here, resulting in their similar slopes. Thus, the existence of the shelf break front induces more generation of internal tides and reduces the dissipation. The internal tide propagates higher into the water column and experiences less dissipation from the benthic boundary layer. The internal tides are reflected by ψ crit and propagate further offshore particularly near the surface. There is also a peak in K M near the continental shelf/slope break ( Figure 12b) and a much less pronounced benthic boundary layer for this simulation (Figure 11b ).
For both simulations where the front is equatorward of ψ crit , the front is the location of the most vertical variation in the cross-slope baroclinic velocities. In these two cases, there is a significant horizontal potential density gradient across the front below the permanent pycnocline. This horizontal potential density gradient induces internal tide generation thought the baroclinic pressure gradient term as discussed earlier. Although the magnitudes of the velocities are reduced, the internal tide response encompasses the entire water column over the continental slope ( Figure 11c&d ) and there is definite internal tide propagation along internal wave ray characteristics. There are also distinct peaks in K M both in the mid-water column at the continental shelf/slope break and near the bottom at the edges of the front (Figure 12c&d ). The increased mid-water column K M is a result of the increased vertical shear due to reflection of internal tides by ψ crit . The 
Effect of Summer Stratification
A simulation was performed with a typical austral summer mixed layer. gradients the lower water column, which are the same for both cases. However, the surface stratification is now strong enough to generate internal tides at the seasonal pycnocline. The different stratification also affects the propagation. Internal tides appear to be trapped in the surface layer allowing them to propagate further out over the continental slope (Figures 7b and 8c ).
TOPOGRAPHIC EFFECTS
In order to investigate the sensitivity to slope, a simulation was performed for a transect with a steeper slope (Transect B in Figure 1 ) using austral summer stratification conditions. The depth-independent major axes for the tidal ellipses are slightly smaller with the steeper slope (solid line in Figure 13a ) than for transect A (dashed line in Figure   13a ). The depth-independent velocities are affected by the outflow at the ice shelf end and a larger outflow is associated with smaller velocities. The outflow for transect B is slightly wider than that for transect A, thus the smaller barotropic velocities.
Linear theory predicts that internal waves will be generated over a narrower section of the continental slope according to γ (Part I: Figure 5d ). The major axes of the tidal ellipses show most of the vertical variation occurs in a narrow band (Figure 13b ) as expected. The major axes were also larger further down the continental slope and further equatorward near the surface indicating increased benthic response and surface propagation of internal tides. These major axes peak deeper in the water column than those for transect A (Figure 4b ) due to ψ crit being equatorward of the continental shelf/slope break. This position of ψ crit increased the benthic response, however, the steep slope equatorward of ψ crit was sufficient for generation of internal tides to still occur.
The slopes of transect A and B are typical for the Weddell Sea. In the Weddell Seã 2 % of the bottom slope has a steepness similar to that of transect A (∂H /∂y ≈ 0.022) and ~1 % have a steepness similar to that of transect B (∂H /∂y ≈ 0.037). (Note: ~90% of the bottom slope has a steepness < 0.01.) Most of the steep slope areas lie roughly between the 500 and 1000 m isobaths in the southern and eastern Weddell Sea. Since proximity to the critical latitude is important for internal wave generation and ψ crit passes through the southern Weddell Sea, but not the eastern Weddell Sea, the steep slopes are primarily important for internal wave generation in the southern Weddell Sea. For the southern Weddell Sea, a histogram of the slope steepness, ∂H /∂y, along the continental slope (defined as water depth between 500 and 3000 m) for the Weddell Sea using the water column thickness of Robertson et al. [1998] shows that ~6 % of bottom slope has a steepness similar to that of transect A (∂H /∂y ≈ 0.022) and ~10 % has a steepness similar to that of transect B (∂H /∂y ≈ 0.037) (Figure 14 ). These regions could have similar internal wave fields and vertical structure as those of the transects simulated here depending on their location with respect to ψ crit and the stratification.
IMPLICATIONS OF MODEL RESULTS
Mixing and heat fluxes can result either from instabilities due to baroclinic tides and internal waves or from benthic frictional stresses extending into the water column.
Although some of the vertical variation in the horizontal velocities is apparent in the major axes of the tidal ellipses, the major axes fail to indicate all of the vertical variation and shear in the horizontal velocities due to the lack of phase information. Comparison of vertical shears of the horizontal depth-dependent velocities averaged over two days for three different stratifications schemes, deep water stratification (no shelf break front), standard (shelf break front), and summer (shelf break front), shows strong vertical shears in the horizontal velocities for all three cases (Figure 15 ). In the case without a shelf break front, all of the vertical shear occurred in the benthic boundary layer (Figure 15a ).
With the standard stratification (shelf break front), strong shears occurred both in the benthic boundary layer and also in the mid-water column in the region of the front just poleward of ψ crit (Figure 15b ). The high mid-water column vertical shears indicate the propagation of the internal tide offshore. With the summer stratification, there are stronger mid-water column shears and they extend further over the continental slope (Figure 15c ). It should be noted that these shears are much less than the maximum observed mid-water column shears of 3 x 10 -3 s -1 from AnzFlux [Robertson et al., 1995] , which were associated with heat fluxes of 20-100 W m -2 .
Lead formation due to tidal divergence can affect the ocean-atmosphere heat flux.
The importance of lead formation lies in the fact that the heat flux increases by 1-2 orders of magnitude over leads [Maykut, 1986] . Therefore a lead formation percentage of only 1 % could potentially double the heat flux from the ocean to the atmosphere.
The lead formation percentage was estimated by multiplying half of the tidal period by the standard deviation of the divergence of the depth-dependent velocities at the surface. Lead formation percentages were determined for simulations with the winter stratification with and without a front (Figure 16 ). When a front was absent, lead formation percentages were quite small, only reaching 1 % at the continental shelf slope break (gray line in Figure 16a with the water column thickness shown in Figure 16b ).
However with the winter stratification, the lead percentage was quite high, over 15 % at the continental shelf break (black line in Figure 16a ). With a front, there was a broad band over the outer continental shelf and upper continental slope where the lead formation percentages were over 1 %. This broad band results from reflection by the ψ crit and constructive and destructive interference of the internal tide as it propagates offshore.
It should be noted that addition of other tidal constituents may alter these results, as may three-dimensional horizontal effects, which are not included in this two-dimensional approach.
SUMMARY
A modified version of the Princeton Ocean Model (POM) was used to investigate the generation of internal tides at the M 2 frequency over the outer continental shelf and slope in the southern Weddell Sea. The model was run as a two-dimensional transect, assuming that bathymetry and tidal forcing were constant in the along-slope direction. Elevations from a barotropic regional model for the northern and southern boundaries were used for boundary conditions.
Linear theory predicts that 10 o equatorward of the M 2 critical latitude (ψ crit (M 2 ) ≈ 74 o 28.5'), stratification is too weak to support significant generation of internal tides.
Near ψ crit (M 2 ), however, the slope of the internal tidal wave characteristics become almost zero, and so it becomes possible for internal tide generation to occur despite the weak stratification. This latitude is close to the shelf break in the southern Weddell Sea, in a region where much of the interaction occurs between shelf-resident water types and the intermediate water types of the deep basin. Thus, any mixing associated with the internal tides along the southern shelf would contribute to the water mass mixing that ultimately generates WSDW, which then contributes to the global production of AABW.
The two most important factors in the generation of internal tides were found to be:
proximity to the ψ crit and the existence of a shelf break front. Few internal tides were generated when the continental shelf/slope break was not in the vicinity of the critical latitude or a shelf break front was not present. Internal tide generation occurred when ψ crit was located near and poleward of the continental shelf/slope break and a shelf break front existed. If ψ crit was located near but equatorward of ψ crit and a shelf break front existed, a set of inertial oscillations in the form of a near-bottom jet developed an the benthic boundary layer thickness increased. The steepness of the slope was also found to influence internal tide generation with more internal tides being generated by steeper slopes.
Stratification was found to be an important factor in influencing both generation and propagation of internal tides and the vertical structure of the horizontal velocities.
Without a shelf break front present near the continental slope, few internal waves were generated and those that were propagated along the bottom, increasing vertical shear in the horizontal velocities and dissipation in the benthic boundary layer. The existence of a front over the upper continental shelf/slope break greatly enhanced the generation of internal tides and/or the development of a near-bottom jet. Although linear internal wave theory provided some insight into the effects of ψ crit , it was inadequate both in estimating the effects of the shelf break front and in predicting the development of the near-bottom jet.
The combination of a shelf break front increasing internal tide generation and of ψ crit reflecting the internal tides was found to induce divergence in the horizontal velocities at the surface. These divergences were significant enough to cause lead formation of 1-15 % over the continental shelf/slope break. This amount of lead formation has the potential to more than double the ocean-atmosphere heat flux. 
